Mycobacterium ulcerans causes the skin disease commonly known as Buruli ulcer (BU), which is characterized by necrosis and the absence of a cellular inflammatory response (12) . The increase in the incidence of BU in some regions of the world (2) , especially in rural West Africa, led the World Health Organization to recognize BU as an emerging disease (25) . Some studies have attempted to define and characterize secreted toxins of M. ulcerans (10, 20) . Recently George et al. (6) identified a polyketide toxin from M. ulcerans, which they named mycolactone. When injected into the skin of guinea pigs, this toxin caused lesions similar to those of BU in humans. This toxin may play a role in the pathogenesis of BU; however, we believe that the possible existence of other virulence factors merits investigation (12) . Phospholiphase C (PLC) and phospholiphase D (PLD) enzymatic activities are associated with virulence in several other species of mycobacteria (11) .
The genome of Mycobacterium tuberculosis, which is closely related to M. ulcerans (23) , contains multiple copies of plc genes homologous to the Pseudomonas aeruginosa genes plcH and plcN, encoding the hemolytic and nonhemolytic PLC enzymes, respectively (11, 14) . The aim of this study was to attempt to detect PLC and PLD activities in M. ulcerans in vitro and to detect putative genes responsible for the enzymatic activity of the phospholipases.
Bacterial strains and culture conditions. The mycobacterial strains used in this study are listed in Table 1 . Identification at the species level was done by conventional tests (24) . Homogeneous suspensions of all strains of mycobacteria, at 1 mg (wet weight) per ml of phosphate-buffered saline, were prepared from organisms subcultured on Löwenstein-Jensen medium. Ten milliliters of this bacterial suspension was inoculated into 90 ml of Dubos broth (Difco, Detroit, Mich.).
Preparation of WCE and CF. Cultures were centrifuged for 15 min at 3,000 ϫ g. Supernatants and pellets were processed separately. To obtain whole-cell extracts (WCE), 1 g (wet weight) of pellet was resuspended in 1 ml of buffer A (50 mM Tris [pH 7.4], 50 mM NaCl, 5% glycerol) and ultrasonicated with a Sonifier 250 (Branson Sonic Power Company, Danbury, Conn.). Extracts were centrifuged and stored at Ϫ70°C until phospholipase assays were performed. For preparation of culture filtrates (CF), supernatant obtained from culture centrifugation was sterilized with Sterivex-GP 0.22-m-pore-size filters (Millipore Corporation, Bedford, Mass.) and concentrated 50-fold by ultrafiltration (PM10 membrane; Amicon, Beverly, Mass.) before dialysis against buffer A.
Detection of PLC and PLD activities. PLC and PLD activities were determined as previously described by Johansen et al. (11) . Forty microliters of each sample was loaded in a silica gel glass plate (Merck, KGaA, Darmstadt, Germany) and allowed to ascend in petroleum etherethyl etheracetic acid (50:50:1, vol/vol) until the solvent front was within 2 cm of the top of the plate. Plates were air dried and subjected to autoradiography for 1 week. All WCE from M. ulcerans produced phosphatidic acid (PA) and diacylglycerol (DAG) upon incubation with phosphatidylcholine (PC) with 14 C labeling of the lipid moiety ( Fig. 1) . M. tuberculosis and Mycobacterium marinum seemed to be less efficient than M. ulcerans in converting PC into DAG (Fig. 1 (5, 17) . Ceramides are key mediators in coordinating cellular responses and are generated via the sphingomyelinase pathway, which in turn is activated by the PLC product DAG (22) . The PLD enzymatic activity in M. ulcerans may play a role in pathogenesis. PC hydrolysis by PLD leads to the production of PA, which may promote colonization of the tissues by the etiologic agent, induction of hemolytic activity, and apoptosis, as previously reported for Corynebacterium paratuberculosis (15, 16) .
Search for putative plc genes by PCR. The design of degenerate primers was based on the comparison between sequences of the mpcA and mpcB genes from M. tuberculosis (GenBank accession no. U49511) (11) and genes encoding nonhemolytic (plcN) and hemolytic (plcH) PLC from P. aeruginosa (GenBank accession no. M59304 and M13047, respectively) (18, 19) . The primers developed were PLC1 (5Ј-CGGACATTTG ACNGAYAT-3Ј) (positions 135 to 152 of the sequence of mpcA) and PLC2 (5Ј-TGCTCGGGGTCGTTNACRCA-3Ј) (positions 355 to 374 of the sequence of mpcA), where N stands for A, G, C, or T; Y stands for C or T, and R stands for A or G.
One-microliter portions of mycobacterial crude lysates were subjected to PCR. PCRs were performed as previously described (8) for 35 amplification cycles of denaturation at 94°C for 1 min, annealing at 56°C for 45 s, and extension at 72°C for 1 min.
The PCR assay, using primers PLC1 and PLC2, amplified a DNA fragment of the expected size with all M. ulcerans strains, as well as with M. marinum, Mycobacterium bovis, and M. tuberculosis, for which plc genes are known (11) . Although low annealing temperatures (56 to 46°C) were used, no specific amplification fragment was obtained with M. smegmatis, Mycobacterium fortuitum, and Mycobacterium gordonae. DNA-DNA hybridization. PCR products of 239 bp amplified with primers PLC1 and PLC2 from M. ulcerans 5150 were ligated into PCR II TOPO vector and cloned in Escherichia coli, according to the instructions of the manufacturer (InvitroGen, Leek, The Netherlands). The insert was isolated and purified from agarose gels after EcoRI restriction and electrophoresis, employing the GFX Gel Band Purification Kit (Amersham-Pharmacia Biotech, Roosendael, The Netherlands), and used as a DNA probe for hybridization.
Genomic DNA extraction and PvuII digestion were performed as previously described by Hermans et al. (9) . Probe labeling with horseradish peroxidase, hybridization, stringent washing, and development of the filters were performed with the ECL Direct Nucleic Acid Labeling and Detection kit, according to the instructions of the manufacturer (AmershamPharmacia Biotech).
All M. ulcerans strains presented identical hybridization patterns, with four bands of 0.75, 1.0, 1.2, and 2.1 kbp (Fig. 2) , (lanes 5 to 10). The DNAs of M. tuberculosis (Fig. 2, lane 4 (18, 19) , with 56 and 47% identity, respectively. Amino acid sequence identity with the probe ranged between 74.6%, with the M. bovis BCG sequence, and 42.6%, with the sequence of the hemolytic PLC of P. aeruginosa. This study demonstrates the presence of PLC and PLD enzymatic activities in both whole-cell cultures and CF of M. ulcerans. Whether or not PLC and PLD activities in CF represent secretion of the enzymes or spontaneous cell lysis needs further investigation. Detection of a PCR fragment from M. ulcerans genomic DNA that has a high degree of identity with the M. tuberculosis H37Rv plcB, plcA, and plcC genes provides the first evidence for putative genes coding for PLC in the necrotizing mycobacterium M. ulcerans. The function of putative M. ulcerans plc genes could be related to pathogenesis, as has been proposed for these plc genes in M. tuberculosis (4, 13) . Whether or not PLC encoded by M. ulcerans genes plays a role in the pathogenesis of the disease is under study.
